Abstract
and coronary heart disease (CHD) is the most common form. Although traditionally associated with male gender, CHD is also highly prevalent in women, 2 and is in fact the leading cause of death among women in Europe (23%), surpassing other more high-profile diseases such as breast cancer (3%). 3 However, the interest shown by health authorities in CHD in women is due not only to its high prevalence in this patient group, but also to the troubling fact that various studies have demonstrated that women are under-represented in treatments with prognostic impact in CHD, particularly drug therapy and revascularization. 4 ---9 Cardiac rehabilitation programs (CRPs), another therapeutic modality with proven prognostic impact in CHD, 10---13 are underused in both sexes, 14 but particularly in women. Several studies have shown that the level of participation in CRPs is consistently lower in female CHD patients. 15---18 The objectives of this study were to assess the prevalence of women in our CRP and the clinical impact of this intervention in this patient subgroup.
Methods

Study design
We performed a retrospective analysis of 858 patients with CHD who attended a CRP at Hospital de Santo António, Porto, after an acute coronary syndrome or elective percutaneous coronary intervention (PCI), between January 2008 and December 2012. Patients who attended at least 80% of the CRP sessions were included. A subgroup of 386 patients for whom data were available on exercise testing during the program was analyzed with regard to the parameters assessed by this exam.
Cardiac rehabilitation program
The CRP at our center is coordinated by a cardiologist and a physiatrist, and also includes specialists in vascular surgery, psychiatry, urology and endocrinology, as well as physiotherapists, nutritionists, nurses and social workers. Patients are referred following hospitalization in a cardiology ward or from cardiology outpatient clinics.
The program is organized in separate, sequential phases in accordance with international guidelines. 19 Phases I and II were included in this study.
Phase I begins during hospitalization, and includes educating patients about their disease and control of cardiovascular risk factors; they are also encouraged to regain mobility in the ward, depending on their clinical condition.
Phase II takes place in the Cardiovascular Prevention and Rehabilitation Unit of our center on an outpatient basis, beginning 1---2 weeks after hospital discharge. An initial clinical assessment is performed by the specialist in physical medicine and rehabilitation, focusing on the cardiopulmonary, musculoskeletal and neurological systems. Patients are then referred for laboratory tests aimed at guiding strategies to control cardiovascular risk factors and for exercise testing to stratify cardiac risk with a view to prescribing an exercise program in accordance with international guidelines. 19 Patients can also be referred for consultations in vascular surgery, endocrinology, psychiatry, urology, smoking cessation and nutrition depending on clinical indications. This is followed by 8---12 weeks (depending on the patient's clinical situation and response) of health education sessions for the patient and their relatives and supervised exercise sessions. The latter are held in groups of nine patients, with continuous telemetry and heart rate (HR) monitoring, under the supervision of the cardiologist and/or physiatrist, in accordance with current guidelines. 19 The exercise sessions are held twice weekly, each lasting approximately 60 minutes, and include a warm-up period, aerobic training, strength training (using dumbbells, exercise balls and other strength training equipment), a cool-down period and flexibility exercises. The aerobic component occupies most of the session (40 minutes), using a treadmill and arm and leg ergometers. The intensity of each exercise is determined on the basis of the patient's exercise HR calculated by the Karvonen formula 19 (50---80% of HR reserve determined during exercise testing), complemented by the patient's rating of perceived exertion on the Borg scale. 19, 20 In addition, patients are encouraged to exercise during the rest of the week at the same level of intensity as that prescribed for the supervised sessions in terms of training HR and Borg scale and aimed at achieving the target values recommended in international guidelines for weekly energy expenditure. Patients are re-assessed at the end of phase II through repeat laboratory tests and exercise testing.
Study variables
Characterization of the study population The study population was analyzed by gender in terms of the following parameters: age, reason for referral to the CRP (myocardial infarction or elective PCI), cardiovascular risk factors (hypertension, dyslipidemia, diabetes, smoking and overweight/obesity), left ventricular systolic function (assessed qualitatively by transthoracic echocardiography, with dysfunction classified as mild, moderate or severe), N-terminal pro-brain natriuretic peptide (NTproBNP), quantified by the central laboratory of our hospital and expressed in pg/ml, and medication (aspirin, clopidogrel, statins, beta-blockers, angiotensin-converting enzyme [ACE] inhibitors and angiotensin receptor blockers [ARBs]).
Parameters of response to cardiac rehabilitation program
The response to the CRP was analyzed according to gender in terms of the effect of the intervention on control of cardiovascular risk factors 21---24 and on prognostic markers of CHD (NT-proBNP, exercise capacity and autonomic nervous system [ANS] regulation, the latter two in a subgroup of 386 patients only). 25---31 This was assessed by comparing the results of laboratory tests and exercise testing on initial assessment with those at the end of phase II (after 3 months).
Cardiovascular risk factors
Determination of metabolic profile included measurement of total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C) and triglycerides (TG), and body mass index (BMI) was calculated. In diabetic patients, fasting blood glucose and hemoglobin A1C (HbA1C) were also assessed. Laboratory tests were performed on blood samples collected after 12 hours' fasting.
NT-proBNP
NT-proBNP levels were measured.
Functional capacity
Functional capacity was assessed based on metabolic equivalents (METs) obtained during exercise testing.
Autonomic nervous system regulation
The following parameters from exercise testing were analyzed: resting HR, chronotropic index and HR recovery.
The chronotropic index was calculated using the following equation: [(peak exercise HR − resting HR)/(220-age)-resting HR] × 100, expressed as a percentage.
HR recovery was assessed as the difference between peak exercise HR and HR after one minute of the recovery period, expressed in beats per minute (bpm).
Statistical analysis
Qualitative variables were presented as percentages and compared by the chi-square test, and quantitative variables as means ± standard deviation and compared by the Student's t test. Values of p<0.05 were considered statistically significant. The statistical analysis was performed using Stata ® version 12.0.
Results
Characteristics of the study population
The study population consisted of 858 patients, of whom 24% were women (Table 1) . Most patients were referred to the CRP following a diagnosis of myocardial infarction (69% of women and 68% of men). Female patients were significantly older (62±11 years vs. 60±11 years, p=0.01) and presented a higher prevalence of cardiovascular risk factors, particularly hypertension (70% vs. 57%, p<0.001), dyslipidemia (83% vs. 72%, p=0.001) and diabetes (37% vs. 28%, p=0.04). There was a higher percentage of smokers among men (36% vs. 22%, p<0.001). The prevalence of overweight and obesity was similar in both sexes (68%). Women presented higher baseline NT-proBNP (1050±1759 pg/ml vs. 660±881 pg/ml, p<0.001) and more frequently had left ventricular systolic dysfunction (40% vs. 28%, p=0.01).
As shown in Table 2 , virtually all patients were medicated with dual antiplatelets, statins, beta-blockers and ACE inhibitors or ARBs at the start of phase II. In our study population, the proportion of women under pharmacological therapy was similar to men for all drug classes. Analysis of the subgroup of 386 patients with exercise test data in terms of the variables previously studied in the overall study population showed similar results (Tables 3 and 4) . Changes in dosage of beta-blockers in this subgroup during phase II of the program (0---3 months) were analyzed; no statistically significant differences were found between the sexes (an increase in 9±7% of women and in 9±6% of men, and a decrease in 1±0.8% of women and in 1±0.6% of men, p=0.62). The changes were made by the attending cardiologist in outpatient consultations. Beta-blocker therapy was not begun in any patient during phase II of the CRP. 
Response to cardiac rehabilitation program Cardiovascular risk factors
Analysis of the impact of the CRP on control of cardiovascular risk factors reveals that both female and male patients showed significant improvements in all lipid profile parameters and in BMI (Table 5) , and diabetic patients of both sexes presented a significant decrease in fasting blood glucose and HbA1C. Improvements in metabolic parameters were similar for both sexes, with the exception of a more marked fall in fasting blood glucose in female patients with diabetes (Table 6 ).
NT-proBNP
Both female and male patients showed a significant decrease in NT-proBNP (from 660±881 pg/ml to 345±526 pg/ml in men and from 1050±1759 pg/ml to 466 ± 508 pg/ml in women, p<0.001) ( Table 5 ). The degree of improvement in this marker of ventricular dysfunction was significantly greater in women (476±739 pg/ml vs. 318±621 pg/ml, p=0.02) ( Table 6 ).
Functional capacity
There was a significant improvement in functional capacity following phase II of the CRP in both men and women (from 9.1±2.2 METs to 10.6±2.1 METs in men and from 7.6±1.7 METs to 8.7±1.8 METs in women, p<0.001) that was similar for both sexes (Tables 7 and 8 ).
Autonomic nervous system regulation
Female patients presented a significant improvement in heart rate recovery (from 20±9 bpm to 23±9 bpm, p=0.005), and resting HR showed a tendency to fall after the CRP (from 69±13 bpm to 66±10 bpm, p=0.08); there was a nonsignificant increase in chronotropic indices (from 65±17% to 68±18%, p=0.40) ( Table 7) .
Male patients showed a significant improvement in all parameters: resting HR (from 63±12 bpm to 61±11 bpm, p=0.03), chronotropic index (from 69±18% to 75±18%, p<0.001) and HR recovery (from 23±9 bpm to 26±12 bpm, p<0.001) ( Table 7) .
However, comparison of the degree of change in resting HR and chronotropic index during the CRP revealed no significant differences between the sexes (Table 8 ).
Discussion
Our study confirmed that women are under-represented in CRPs, since only 24% of patients in our program were female despite the fact that the percentage of women with CHD is higher than this. −0.5 ± 0.9 −0.5 ± 0.8 0.78 NT-proBNP (pg/ml) −318 ± 621 −476 ± 739 0.02 BMI: body mass index; F: female; HbA1C: hemoglobin A1C; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; M: male; NT-proBNP: N-terminal pro-brain natriuretic peptide; TG: triglycerides; TC: total cholesterol; : variation. In our study, women with CHD were significantly older and presented more cardiovascular risk factors than men, in agreement with current evidence. 16, 33, 34 In addition, they presented more severe CHD, as reflected in the greater proportion of female patients with left ventricular dysfunction, higher NT-proBNP levels and lower baseline function capacity, also as described in the literature. 34 Women attending CRPs thus have a higher cardiac risk from the outset.
With regard to pharmacological therapy, we found no differences between the sexes for the various drug classes prescribed, unlike in some previously published studies. 4 ---7 As regards the impact of the CRP on cardiovascular risk factors, there was an improvement in all metabolic parameters in both women and men. Furthermore, the reduction in fasting blood glucose was more marked in female patients with diabetes, and there was a significant and more marked reduction in the prognostic marker NT-proBNP in women. This may be due to the fact that women present worse blood glucose control and left ventricular function at the start of the CRP, and are thus likely to derive greater benefit from the intervention.
Functional capacity and ANS regulation were analyzed in a subgroup of 386 patients, who had similar characteristics to those of the overall study population. The same differences were observed in both sexes, although without statistical significance for most parameters, due to the smaller sample size. With regard to the impact of the CRP on ANS regulation, although a high percentage of patients in our sample were taking beta-blockers, it should be remembered that the literature has consistently confirmed that the prognostic value of the chronotropic parameters assessed is independent of these drugs. 30,35---37 In order to compare HR parameters between the sexes at different times during the program, it was necessary to analyze the distribution of beta-blocker use in the two groups, as well as changes over time. In our sample, the percentages of men and women medicated with beta-blockers prior to phase II of the CRP did not differ significantly, nor did changes in dosage of the drug. We can thus state that use of beta-blockers was not a confounding variable.
We found that women improved significantly in functional capacity and HR recovery. Although they also showed improvement by the end of the program in the other markers of autonomic function (resting HR and chronotropic index), this was not statistically significant, unlike in men. This may be due to the small number of women in the study population, the sample not being sufficiently large for results to have statistical significance. Another possible explanation is the higher proportion of diabetic patients in the female group, in whom ANS regulation may have been affected. Nevertheless, no significant differences were found between the two sexes on analysis of improvements in resting HR and chronotropic index.
This study demonstrates that even though women derive considerable benefit from CRPs, they are under-represented in such programs, which leads us to conclude that they are not receiving appropriate treatment.
There appear to be various reasons for this discrepancy. The traditional view that CHD is a disease of men may contribute to physicians adopting a less aggressive approach to women with CHD. This is also reflected in the fact that women are less aware of the disease 38 and are less often treated than men. 4 ---9 There thus appears to be a tendency on the part of attending physicians to refer female patients less to CRPs. 17 The fact that women tend to present CHD at older ages and thus with more comorbidities may also explain their lower attendance on such programs. Older women are known to have a higher prevalence of arthritis, osteoporosis and urinary incontinence. 34, 39, 40 In addition, during evaluation for CRPs, women present lower selfesteem and are more frequently diagnosed with depression, which may mean they are less motivated to attend such programs. 34, 39 There may be sociocultural reasons for the differences observed between the sexes. Women are generally more involved in domestic tasks, which could mean they have less time available to attend a CRP 40, 41 ; the fact that they also tend to exercise less on a regular basis may also be a contributing factor. 42 The main limitations of the study are its retrospective design and the lack of a control group of patients not attending a CRP with whom to compare the variables assessed. Another limitation was the small size of the patient subgroup used to analyze functional capacity and ANS regulation, which could explain the lack of statistical significance found in some of these parameters in women. It would also have been useful to include data on coronary anatomy from cardiac catheterization in the characteristics of the study population, since this could have influenced the parameters assessed. It would also have been interesting to prolong follow-up after the end of phase II of the program, so as to assess whether the impact on cardiovascular risk factors and prognostic markers is maintained over time.
Conclusions
Only 24% of the patients attending our CRP were women. They were older than the men and presented more cardiovascular risk factors and probably more severe CHD. Women unquestionably benefited from the CRP, showing significant improvements in control of cardiovascular risk factors and in most of the prognostic markers studied.
It is essential that physicians, patients and society at large recognize the under-representation of women in CRPs, so that appropriate measures can be taken to increase their access to this intervention and thus enjoy its proven benefits.
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